Molecular dynamics with weighted time-averaged restraints for a DNA octamer. Dynamic interpretation of nuclear magnetic resonance data.
For conformationally flexible molecules in solution, NMR-derived distance restraints are time-averaged. In contrast to deriving structures from NMR distance constraints via conventional restrained molecular dynamics (rMD), the range of conformational flexibility may be better represented by MD simulations using weighted time-averaged restrains (MD-tar). This approach has been utilized for dynamic structure refinement of the DNA octamer [d(GTATAATG].[d(CATATTAC)] which contains the Pribnow box consensus sequence. An improved set of distance restraints was calculated via complete relaxation matrix analysis utilizing the solution structure of the octamer which was determined previously by rMD as a starting model. MD-tar calculations were performed with the program AMBER4 under various conditions, some including explicit solvent. All trajectories generated via MD-tar exhibited reduced constraint energies and average deviations for the distances compared to standard rMD. Quantitative comparison with experimental data, i.e. two-dimensional NOE intensities and COSY-derived coupling constants yielded a significant improvement for MD-tar simulated structures relative to rMD-derived structures. The conformational envelope of the MD-tar structures is wider than that from rMD and even unrestrained MD. Explicit solvent force-fields tightened the conformational envelope, leading to even better agreement with experimental data. All MD-tar simulations exhibit sugar repuckering for basically all residues, yielding a minor population in the low N-region and one or more S-conformers. For most backbone torsion angles, one or more minor conformers were found, while the major conformations generally coincided with those obtained in standard rMD. Distributions of helical parameters for MD-tar trajectories are rather symmetric but slightly broader than those for rMD. Average values and associated standard deviations are discussed with respect to sequence-dependent variations. All trajectories obtained with an explicit solvent force field exhibited a narrower minor groove compared to in vacuo calculations.